Abstract This paper presents a new methodology to compute value at risk (VaR) and the marginal VaR contribution (VaRC) in the Vasicek multi-factor model of portfolio credit loss. The wavelet approximation method can be useful to compute non-smooth distributions, often arising in small or concentrated portfolios. This paper contributes to this technique by extending the wavelet approximation method for the Vasicek onefactor model to the multi-factor model. Key features of the new algorithm presented in this paper are (i) a finite series expansion of the wavelet scaling coefficients, (ii) fast calculation methods to accelerate convergence of those series and (iii) an efficient spline interpolation method to calculate the Laplace transforms. This paper also illustrates the effectiveness of the algorithm through numerical examples.
Introduction
Credit risk is the risk of loss resulting from an obligor's inability to meet its obligations. Financial institutions need to evaluate the credit risk at a portfolio level. A key issue in portfolio credit loss modeling is the specification of the default dependence among obligors.
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K. Ishitani (B) Department of Mathematics, Meijo University, Tempaku Nagoya, 468-8502 Japan e-mail: kensuke193@hotmail.co.jp Credit risk models are usually classified as structural or reduced-form models (for example, recent research by Yamanaka et al. [1] ). This paper considers a structural model known as the Vasicek model, which is the basis of the Basel II (Basel Committee on Bank Supervision (2005)) internal rating-based (IRB) approach. It is a Gaussian multi-factor model where the default events are driven by common factors that are assumed to follow the Gaussian distribution. It is a one-period model that only considers default risk, that is, loss occurs when an obligor defaults in a fixed time horizon. The model is able to reproduce the qualitative behavior of empirical credit loss distributions, namely fat tails and high skewness. Portfolio credit risk can be evaluated through two approaches: the Monte Carlo simulation approach and the analytical approach.
The Monte Carlo simulation is a standard method to evaluate the risk of a credit portfolio; however, this method is very time-consuming when the size of the portfolio increases. Masdemont and Gracia [6, 7] have studied another approach to invert numerically the Laplace transform through the wavelet approximation method proposed by Walter [8] . Under the Vasicek one-factor model, Masdemont and Gracia [6, 7] show accurate and quick results for a wide range of portfolios at high loss levels. This paper proposes a new wavelet expansion technique by extending the wavelet approximation method of Masdemont and Gracia [6, 7] for the Vasicek multi-factor model (Ishitani [9] ). The rest of this paper is organized as follows. Section 2 presents the Vasicek model for multi-factor cases and defines VaR as the risk measure. Section 3 reviews the moment generating function of the portfolio loss. Section 4 reviews the wavelet approximation method for cumulative distribution functions (CDFs). Section 5 proposes a fast wavelet expansion technique for the computation of value at risk (VaR). Section 6 reviews the wavelet approximation method for VaR Contributions (VaRC). Section 7 proposes fast and efficient methods for calculating VaRC. Section 8 shows numerical examples for sample portfolios, and shows that the new method presented in this paper works quite well for a wide range of portfolios. Section 9 presents the conclusion.
The Vasicek model
Let ( , F, P) be a probability space. Consider a credit portfolio consisting of N obligors. Define the exposure weight of obligor i by w i = E i / N j=1 E j , where E i is the exposure of obligor i, and the probability of default (PD) p i . The Vasicek model assumes that the standardized asset log-return Z i of obligor i is standard normally distributed and that obligor i defaults when Z i is less than a pre-specified threshold −1 ( p i ), where (x) is the standard normal cumulative distribution function and
